INTRODUCTION
The histone genes are a family of moderately-repetitive DNA sequences which are ubiquitous in eukaryotes. The products of these genes have a uniquely intimate association with the genomic DNA, being responsible for its organization into nucleosomes and, with other factors, into the higher order chromatin structures (1) .
The histone genes of the anuran amphibian Xenopus laevis are under intensive investigation by a number of groups. It has been estimated that there are some 20-50 copies of the gene for each of the core histones in this species C2,3). It can be argued that this number is around the minimum necessary to allow the accumulation of sufficient histone messenger-RNA and stored histone proteins during oogenesis to package the large amounts of DNA which are rapidly synthesised during early embryonic cleavage (4) .
Xenopus has a relatively modest genome for an amphibian, with a C-value (haploid DNA content) of about 3pg (5) . Orodele amphibians such as the newt Triturus cristatus carnlfex and the axolotl Ambystoma mexicanum have very much higher C-values, of 23pg (6) and 38pg (7) respectively. As the details of embryonic cleavage in these organisms do not appear to be very different from Xenopus it may be assumed that they need more stored histone and histone mRNA in their eggs to package the larger amounts of DNA/cell. Since these organisms, like Xenopus, have an annual breeding cycle, we suspected that, in order to produce enough histone message during oogenesis, the repetition of the histone genes might increase in proportion to the genome size.
The histone gene coding-sequences are unusually highly conserved 08) and so we have used a cloned Xenopus H4 coding sequence to investigate the relationship between C-value and copy-number of histone genes in the three species mentioned.
MATERIALS AND METHODS

Materials.
Adult RNA was prepared from ovaries by phenol:chloroform extraction (10) and the polyadenylated fraction isolated by oligodT-cellulose chromatography (11).
Restriction endonucleases were obtained from Boehringer-Mannheim or Bethesda Research Labs, and used in the conditions specified by the suppliers; DNA polymerase 1 was from Boehringer-Mannheim; S^ nuclease was from Sigma; <* 32 P-dCTP C>20OOCi/mMol) was from the Radiochemical Centre (Amersham) and nitrocellulose filters were Millipore HAWP.
Cloned Xenopus H4 coding sequence. The plasmid pcXlH4Wl was isolated from a library of Xenopus laevis ovary cDNA inserted into the BamHl site of pAT153 with BamHl linkers and propagated in E. coli HB1O1. The 382bp insert has been sequenced and contains an almost complete copy of an H4 coding sequence (Fig. 1) . Details of the preparation and characterization of this plasmid will be presented elsewhere (P. C. Turner and H. R. Woodland, in preparation) .
Supercoiled plasmid DNA was prepared by the method of Colman e_t al.
(12) . The insert was isolated from low melting-point agarose gels (13) following BamHl digestion of pcXlH4Wl.
Plasmid DNA was labelled with P-dC by nick-translation (14) to specific activities of 10 -10 cpm/ug. Polyadenylated RNA (10 ug/filter) was dot-blotted to nitrocellulose as described by Thomas (16) . Filters were prehybridized overnight at 37 C in 50% deionized formamide, 5xSSC, 50mH phosphate buffer, pH 6.5, 
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Csonicated calf thymus DNA used as carrier) and digested with wOO units S nuclease at 3 C for lh. 10 Pg BSA was added and the mixture made O.5N PCA and left to precipitate at 0°C for 15 min. A sample of the supernatant was taken to determine PCA-soluble radioactivity, the pellet washed twice in 0.5IJ PCA and solubilized in 0.3N NaOH for determination of PCA-precipitable radioactivity by Cerenkov counting.
RESULTS
Sequence homology
As we were using a heterologous probe in the cases of Triturus and Ambystoma we considered it necessary to obtain some estimate of the extent of devergence between their H4 coding sequences and the cloned Xenopus H4 probe. We have examined the melting profiles of hybrids 32 formed between P-labelled pcXlH4wl DNA and ovary polyadenylated RNA immobilized on nitrocellulose filters (Fig. 2) . We used ovary polyadenylated RNA because it is a relatively rich source of histone message (17). All of these sequences should therefore, have formed stable hybrids at the criteria of reassociation which we used.
Relative copy-number of H4 genes by quantitative autoradiography
The use of quantitative autoradiography is becoming more widespread for determining the genomic copy-number of specific DNA sequences, including its use to measure histone gene reiteration in the American newt Notophthalmus viridescens (18) . In our case, we were unable to generate restriction fragments containing all of the H4 coding sequences of the same size from each of the three species and the plasmid, so we estimated the relative abundance of the H4 sequence/unit weight of sheared genomic DNA from the three species. There was a linear relationship between DNA amount and autoradiographic density for the five amounts of Xenopus DNA loaded. This was used as a standard against which the three tracks each of Triturus and Ambystoma DNA were measured (Fig. 3) .
This gave us an estimate of the amount of Xenopus DNA which produced the same intensity of labelling as a known amount of Triturus or Ambystoma DNA. From this we calculated the relative number of copies complementary to the cloned Xenopus H4 sequence per unit weight of DNA.
Allowing for the different sizes of the genomes we estimated the increase in the number of copies per haploid genome in Triturus and Ambystoma (Table 1) .
Allowing for the potential sources of error in this method, we are confident that these results indicate that the histone sequences are significantly over-represented in the Triturus and Ambystoma genomes, even above an increase in proportion to the C-value.
Copy-number of H4 genes from DNA reassociation kinetics
In order to estimate the absolute copy-numbers of H4 sequences in the genomes of these three species, we measured the rates of reassociation of tracer P-labelled cloned H4 coding sequence in the presence of precisely measured amounts of pcXlH4Wl or genomic DNA.
Representative reassociation curves are presented in Figure 4 . The data were fitted to the equation C/C -44 (1 + kCot) (19) and from this the times to half reassociation (t, ) were calculated. The reciprocal of t, was linearly related to the amount of additional H4 derived from pcXlH4Wl in the reaction (Fig. 5) . This was used as the standard curve Table 1 we underestimated the copy-number, particularly for Triturus and Ambystoma, by anything up to 15%.
The results (Table 2 ) confirmed the conclusion from quantitative autoradiography that the histone genes are over-represented in flmbystoma and Triturus even above the increase in C-value.
DISCUSSION
The remarkable conservation of primary structure of the histones is reflected in the limited divergence of histone gene coding sequences and suggests that these genes must be subject to very strong selective pressure. Because of the primary role of histones in the packaging of DNA into chromatin, we asked ourselves whether the number of copies of these genes is related to the size of the genome and probably also Table 2 . H4 gene copy-numbers from reassociation kinetics. Numbers are the means -accumulated S.E. of two experiments.
Triturus Ambystoma subject to strong selective pressure.
The American newt, Notophthalmus, has some 15 times more DNA per cell than Xenopus and has some 12-16 times as many copies of the histone genes (18) , supporting the idea that, amongst amphibians, the reiteration frequency of the histone genes is proportional to the C-value. We find, however, that Triturus, with a C-value 7-8 times that of Xenopus, has nearly 14 times as many copies of the H4 coding sequence, and Ambystoma, with a C-value nearly 13 times that of Xenopus, has almost 60 times as many copies. It can be seen, therefore, that the number of copies of histone genes per genome tends to increase with increasing C-value, but not proportionally and some other factors must contribute to determining the number of copies of these genes.
It is likely that the number of copies of these genes would be determined by the amount of histone message required at the time of maximum demand. In most organisms this is expected to occur during the rapid cell proliferation in early embryogenesis. It is clear, however, that a number of different strategies can be adopted to meet this demand.
It has been suggested that the very high reiteration frequency of histone genes in sea urchins is to satisfy this requirement for histones during cleavage (21) . Mammals and birds have a much lower copy-number of histone genes (2, (22) (23) (24) , but their development procedes much more slowly, without the phase of rapid nuclear division which is character- 
